Objective: The aim of this study is to examine the effects of a 12-week, behavioral nutrition intervention on dietary behaviors. Method: Inactive older adults (N = 50) were randomized to a 12-week, behavioral nutrition or physical activity intervention, delivered in a group-based format. Questionnaires assessed fruit and vegetable (FV) consumption, and fat-and fiber-related behaviors at baseline and postintervention. Height and weight were measured. Repeated-measures ANOVAs examined changes in dietary behaviors over time between groups, controlling for age, gender, and education. Results: Participants averaged 64.1 ± 8.4 years of age and had a body mass index (BMI) of 33.3 ± 7.5 kg/m 2 . Group × Time interactions were significant for FV consumption (p = .003), and fat-(p = .02) and fiber-related (p = .008) behaviors at 12 weeks. At 12 weeks, dietary behaviors improved significantly in the nutrition but not in the physical activity group. Effect sizes were medium to large.
Introduction
By 2030, it is projected that 19% of the U.S. population will be 65+ years of age, a number that is expected to more than double since 2000 (Department of Health and Human Services, Administration on Aging, 2013). Chronic health conditions are common, particularly among older adults, with a majority having multiple health conditions (Ward & Schiller, 2013) . One third of adults aged 45 to 64 report at least two chronic health conditions, whereas nearly two thirds (63%) of adults aged 65+ report multiple chronic diseases (Ward & Schiller, 2013) . There is a strong need for efforts aimed at preventing and/or managing the negative consequences associated with aging-that is, chronic health conditions (Ward & Schiller, 2013) , limitations in activities (P. Adams, Kirzinger, & Martinez, 2012 )-as independence is important to many older adults. Promoting healthy dietary behaviors may be one means for accomplishing this.
Despite the known benefits of a healthy diet and regular physical activity, poor dietary behaviors and physical inactivity remain among the leading causes of preventable death in the United States (Danaei et al., 2009 ). Furthermore, poor dietary behaviors and physical inactivity tend to be exceedingly prevalent among older adults, as prevalence estimates indicate that less than one third of men and women aged 50 to 70 years consume recommended amounts of fruits, vegetables, whole grains, and dairy (KrebsSmith, Guenther, Subar, Kirkpatrick, & Dodd, 2010) , and minutes per day of moderate to vigorous intensity physical activity among adults ≥60 years of age are quite low and decrease further with age (Evenson, Buchner, & Morland, 2012) . Therefore, there is a need to identify mechanisms for improving dietary behaviors within this population.
One approach for improving health behaviors may be through behavioral interventions grounded in theory. These types of programs incorporate cognitive-behavioral strategies that focus on changing how individuals think about themselves, their behaviors, and their environment, in an effort to modify their lifestyle (Artinian et al., 2010) . For example, cognitive-behavioral strategies included in interventions based on the social cognitive theory (Bandura, 1986) include goal setting, self-monitoring, reinforcement, problem solving, and relapse prevention. Physical activity and dietary interventions that have included at least two cognitive-behavioral strategies have produced positive results in adult populations (Artinian et al., 2010) . Behavioral interventions have shown some success in increasing physical activity in older adults (Conn, Valentine, & Cooper, 2002; Hobbs et al., 2013; King, Rejeski, & Buchner, 1998; Marcus et al., 2006) , although much work remains in evaluating their effectiveness in other health behaviors, including dietary behaviors. These types of interventions can be delivered in a variety of formats, including group-based settings. Group-based settings may be appealing, as they may provide social support for improving health behaviors, which has been shown to positively influence physical activity (Carlson et al., 2012) and dietary behaviors (Shaikh, Yaroch, Nebeling, Yeh, & Resnicow, 2008) .
While such interventions appear promising for increasing physical activity in this population, less evidence is available to demonstrate the feasibility and efficacy of a lifestyle approach to improving dietary behaviors through behavioral interventions within samples of apparently healthy older adults. Therefore, the purpose of this study was to examine the effect of a 12-week, behavioral nutrition intervention, delivered in a group-based setting, on dietary behaviors among inactive older adults.
Method

Participants
Middle-to older-age adults (≥50 years of age) who reported being inactive (<150 min of moderate and/or <75 min of vigorous physical activity per week) were eligible to participate. A number of recruitment strategies were used, including email listservs, flyers, health fairs, newspaper ads, and newsletters to a large on-campus organization that included older adults.
Participants who endorsed any of the questions on the Physical Activity Readiness Questionnaire (PAR-Q) obtained medical clearance from their physician to be eligible for participation. However, participants were not excluded if they took medication for hypertension, unless it was uncontrolled hypertension (≥160/100), as previous research has demonstrated this to be a safe and acceptable practice (R. Adams, 1999) . Interested participants were contacted by study staff to complete a telephone screen to confirm eligibility criteria. Participants deemed eligible were scheduled for a baseline measurement session, where they completed surveys and physical measures. At the end of the session, participants chose a slip of paper from a large envelope that contained his or her randomization assignment to the intervention (physical activity) or attention control (nutrition) group. All procedures used were approved by the Saginaw Valley State University Institutional Review Board. Written informed consent was obtained from all subjects.
Interventions
The goal of the main study was to evaluate the effectiveness of an evidencebased, behavioral, physical activity intervention in older adults using the Active Living Every Day (ALED) program (Blair, Dunn, Marcus, Carpenter, & Jaret, 2011) on physical activity levels. The attention control for the main study was the Healthy Eating Every Day (HEED) program (Carpenter & Finley, 2005) . However, for the purpose of this article, the nutrition program (HEED) served as the intervention group as we are interested in change in dietary behaviors, something not included in the physical activity program (ALED).
Originally 20-week programs, the ALED and HEED programs, have been shortened into 12-and 14-week programs, respectively. To offer HEED within the same time frame as ALED (12 weeks), HEED was further adapted into a 12-week program (per guidelines provided by the publisher). Both programs were delivered across two waves. To avoid contamination and to assure fidelity, one trained investigator delivered the HEED program and a different trained investigator delivered the ALED program across both waves. Both interventions were grounded in the social cognitive theory (Bandura, 1986) and transtheoretical model (J. O. Prochaska, DiClemente, & Norcross, 1992) , and taught participants the skills and behaviors necessary to (a) improve dietary behaviors (HEED) or (b) become and remain physically active (ALED) in ways that fit into participants' lifestyles. The ALED program did not address dietary behaviors specifically. Both groups met once per week for approximately 60 min during the entire 12-week program.
HEED
The overall goal of the HEED program, specifically, was to help people identify reasons for their poor eating habits and adopt lifestyle management skills to improve their eating habits permanently. Participants received a HEED workbook that emphasized the importance of learning and practicing behavior change skills and strategies such as self-monitoring, goal setting, tackling triggers, recruiting support, and relapse prevention (consistent with the social cognitive theory; Bandura, 1986) . In addition, the book included resources to help participants understand serving sizes, track their food intake (via a food log), set goals, customize the program to meet their needs, and engage in self-reflection. With regard to dietary behaviors, HEED specifically focused on decreasing fat and increasing dairy, whole grain, and fruit and vegetable (FV) consumption while achieving calorie balance in ways that fit into their lifestyle. Each session during the 12-week program included opportunities for discussion (i.e., participants shared successes and challenges), problem solving, and social support.
ALED
The structure of the ALED group sessions was very similar to the HEED program, except it focused on physical activity instead of diet. The goal of the ALED program was to help participants engage in 150 min of physical activity per week. The program emphasized incorporating physical activity into participants' daily lives. Similar behavioral strategies were used (i.e., goal setting, self-monitoring, social support, relapse prevention).
Measurements
All measures were completed by participants at baseline and at 12 weeks, following the intervention.
Demographics. Participants self-reported their gender, age, race, education, income, marital status, and employment status. Height to the nearest quarter inch and weight to the nearest 1/10 kg were obtained by trained staff to calculate body mass index (BMI) as kg/m 2 .
FV intake. The National Cancer Institute Fruit and Vegetable all-day screener measured FV consumption (cups/day) in the past month (National Cancer Institute, 2000) . Nine of the original 10 items were used (French fry consumption was excluded; B. Thompson et al., 1999) . Participants were asked about the types and quantity of fruits and vegetables consumed in the past month. This instrument has shown acceptable psychometric properties (Campbell et al., 1999 ; F. E. Thompson et al., 2002) .
Fat and fiber behaviors. The Fat and Fiber-Related Behavior Questionnaire (Shannon, Kristal, Curry, & Beresford, 1997 ) assessed fat-related (27 items) and fiber-related (14 items) dietary behaviors over the past 3 months on a 4-point scale. Lower scores indicate participation in lower fat and higher fiber behaviors. The psychometric properties of summary scores of these scales have been found to be strong (Kristal, Beresford, & Lazovich, 1994; Shannon et al., 1997) .
Statistical Analyses
Descriptive statistics (means ± SDs and frequencies) were calculated for all demographic, health-related, and dietary behavior (FV, fat, and fiber) variables. Independent-samples t tests and chi-square analyses were utilized to investigate differences between participants who completed the intervention versus participants lost to follow-up and between intervention groups at baseline (HEED vs. ALED). Repeated-measures ANOVAs were utilized to examine changes in dietary behaviors (FV, fat, and fiber) over time (baseline to 12 weeks) between intervention groups. An alpha level of .05 was used to determine statistical significance. To examine the magnitude of change, withingroup and between-group effect sizes were computed. The within-group effect size was calculated as d = (postmean − baseline mean) / (baseline standard deviation). The between-group effect size was calculated as d = ([postmean − baseline mean for the nutrition group] -[postmean − baseline mean for the exercise group]) / (pooled baseline standard deviation). Using Cohen's effect sizes (Cohen, 1988) , d = 0.2 was considered a small effect, d = 0.5 a medium effect, and d = 0.8 a large effect.
Results
In total, 72 participants were randomized to an intervention group. Of these participants, 50 (69%) had 12-week data and completed the study. Overall, participants lost to follow-up were less educated (χ 2 = 6.59, p = .037). Table 1 shows the demographic characteristics of participants within each intervention group. Overall, participants averaged 64.1 ± 8.4 years of age and had a BMI of 33.7 ± 7.5 kg/m 2 . A majority were women (72%), married (62%), White (88%), and reported at least some college education (86%). Aside from marital status (HEED participants were significantly more likely to be married than ALED participants; χ 2 = 6.88, p = .009), demographic characteristics did not differ significantly between groups.
Unadjusted baseline and 12-week means, and the within-and betweengroup effect sizes are shown in Table 2 . Results showed significant Group × Time interactions for FV consumption (p = .003), and fat-(p = .02) and fiberrelated (p = .008) behaviors. There were no significant changes in any dietary behaviors from baseline to postintervention in the ALED group, whereas there were significant increases in FV consumption and improvements in fatand fiber-related behaviors in the HEED group. Within-group effect sizes for the HEED group were large (d = −0.72 to 0.92), whereas there was no effect or small between-group effect sizes for the ALED group (d = −0.23 to 0.03). The magnitude of the between-group effect sizes was medium (fat-and fiber-related behaviors) or large (FV consumption), favoring the HEED group (see Table 2 ).
Discussion
Given the immense public health importance of improving dietary behaviors among older adults, we sought to examine the effect of a 12-week behavioral nutrition intervention on dietary behaviors within a sample of inactive older adults. Improving dietary behaviors may be one mechanism for improving quality of life, independence, and health in a rapidly growing population. Our results indicate that a nutrition-focused behavioral intervention produced significant increases in FV consumption and improvements in fat-and fiber-related behaviors. The magnitude of the effects was medium (fat-and fiber-related behaviors) to large (FV consumption). Available research aimed at improving nutritional practices and behaviors in older adults has often focused on diseased populations (Bernstein et al., 2002; Miller, Edwards, Kissling, & Sanville, 2002; Whelton et al., 1998) and/ or has included both a dietary and exercise/physical activity component as a part of the intervention (James et al., 2011; Wellman, Kamp, Kirk-Sanchez, & Johnson, 2007) . Therefore, the paucity of literature investigating the effects of dietary interventions, exclusively, within samples of apparently healthy older adults presents challenges when aiming to compare our findings with previous work. Moreover, the efficacy of behavioral nutrition interventions in older adults remains understudied. Future research is needed to better understand the role of behavioral interventions for improving dietary behaviors among older adults, a population that could potentially benefit significantly from these types of interventions. Such studies would allow researchers to better understand the most effective components and mode(s) of delivery, potentially making interventions more parsimonious and cost-effective, which is the ultimate goal of public health interventions.
There is some evidence in younger-to-middle-aged adults to suggest that when individuals make an attempt to change one health behavior, they also make changes to another (Baruth & Wilcox, 2013; Gillman et al., 2001 ; J. J. Prochaska & Prochaska, 2011) . For example, if an individual makes a change in their physical activity levels, he or she may also gain the confidence to improve dietary behaviors. However, a recent study conducted in older adults found that initiation of a resistance-training program did not produce changes in dietary intake (Halliday et al., 2014) . Targeting one health behavior through an intervention may not guarantee change in another within older adults. Therefore, if dietary change is the ultimate goal, intervention activities should include strategies focused on dietary change specifically. A reliance on physical activity interventions to produce dietary changes may not be effective. However, future research should consider targeting both physical activity and nutrition within samples of older adults to maximize health benefits. Behavioral interventions may be a low-cost and accessible way to improve dietary behaviors and increase physical activity among older adults, potentially affecting population health significantly. Globally, there is a need to identify innovative ways to promote longevity and independence, as our population is living longer with more chronic conditions than past generations (Ward & Schiller, 2013) . Given that nutrition plays an important role in overall well-being and health, there is a need for behavioral change programs that can (a) successfully improve dietary behaviors among older adults and (b) be widely disseminated. Our findings suggest that the 12-week HEED program has the potential to accomplish both of the aforementioned aims. Future research should seek to corroborate these findings and expand upon them by evaluating the efficacy of other behavioral interventions among older adults, including those focused on increasing levels of physical activity. Such findings would provide greater confidence in disseminating this program more widely among large groups of older adults, potentially having a significant impact on population health.
Our investigation is not without limitations, and these are worth acknowledging. Although we utilized a randomized controlled design, our sample size was relatively small, was one of convenience, and was relatively homogeneous with regard to demographic characteristics. Our attrition rate and the characteristics of participants lost to follow-up (less educated and more likely to be non-White) are additional limitations. Furthermore, we measured dietary behaviors and not dietary intake, limiting our ability to comment on how the intervention exerted its effects on the composition of intake. Although purely speculative, it could be inferred that a positive change in behaviors may positively affect intake. While we utilized two separate, trained investigators, it is possible that differences in presenters' styles affected these findings. Finally, although we found that the HEED intervention successfully improved dietary behaviors, it is unclear how these changes occurred (i.e., via changes in social support, self-monitoring, etc.); conducting mediation analyses will be invaluable for better understanding which behavioral strategies are most critical for behavior change. In spite of these limitations, we utilized evidence-based, validated programs for our intervention and attention control; validated survey instruments; and investigated the efficacy of a dietary behavioral intervention in an understudied population, older adults.
In conclusion, our results indicate that it is possible to improve dietary behaviors through a 12-week, behavioral intervention in older adults. Future research should seek to corroborate these findings within more diverse samples of older adults to increase external validity and aid in the development of other efficacious interventions for this population. Furthermore, it is important that future research consider the value of focusing on concurrent improvement in dietary behaviors and physical activity, as both behaviors are critical to improving health and well-being, and preventing and/or managing chronic diseases. Such interventions have the potential to be efficient and cost-effective, and exert meaningful changes in population health.
